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ABSTRACT
We report the discovery of two new variable stars in the metal-poor globular cluster
NGC288, found by means of time-series CCD photometry. We classified the new
variables as SX Phoenicis due to their characteristic fundamental mode periods (1.02±
0.01 and 0.69 ± 0.01 hours), and refine the period estimates for other six known
variables. SX Phe stars are known to follow a well-defined Period-Luminosity (P-L)
relation and, thus, can be used for determining distances; they are more numerous
than RR Lyraes in NGC288. We obtain the P-L relation for the fundamental mode
MV = (−2.59 ± 0.18) logP0(d) + (−0.34 ± 0.24) and for the first-overtone mode
MV = (−2.59± 0.18) logP1(d) + (0.50± 0.25). Multi-chromatic isochrone fits to our
UBV color-magnitude diagrams, based on the Dartmouth Stellar Evolution Database,
provide 〈[Fe/H]〉 = -1.3 ± 0.1, E(B-V) = 0.02 ± 0.01 and absolute distance modulus
(m-M)0 = 14.72 ± 0.01 for NGC288.
Key words: methods: data analysis - Sun: oscillations - blue stragglers - stars:
distances - stars: Population II - globular clusters: general
1 INTRODUCTION
The study of stellar systems as the globular clusters provides
important clues to the Galaxy formation history. Each clus-
ter is made up by a relatively simple population of stars, i.e.
practically all stars were born coeval, in the same region,
and from the same molecular cloud (e.g. Rosenberg et al.
2000). In latter decades several studies prove the presence
of two (or even more) populations of stars, setting a puz-
zling genesis for these objects (Piotto et al. 2012). Globular
clusters are among the oldest objects in the Galaxy, and
their ages provide basic information on the early stages of
Galactic formation (e.g. Gratton 2003).
The Galactic globular cluster NGC288 is placed at
RA= 00h52m45s.24 and Dec.= -26o34′57′′.4 (J2000), close
to the South Galactic Pole, with Galactic coordinates
(J2000): l = 152.o28 and b = -89.o38 (Goldsbury et al.
2010). It is located approximately 8.9 kpc from the Sun, in
a region of small interstellar extinction, with quite low red-
dening [E(B-V) = 0.03] and a published distance modulus
of (m-M)V = 14.84 [Harris (1996) (2010 edition)]. NGC288
is a globular cluster with a fairly low central density and is
relatively metal-poor.
NGC288 has a well-marked blue horizontal branch
† E-mail: elizandra.martinazzi@ufrgs.br
(Moehler et al. 2014) and presents the multiple-population
phenomenon, exhibiting two distinct red giant branches
(RGBs), two populations of stars characterized by differ-
ence in light-element abundance (Smith & Langland-Shula
2009). The possible metallicity spread is evidenced by a split
red giant branch (RGB), observed in color-magnitude dia-
grams (CMDs), that may be best-fitting by isochrone stars
whose second generation is ∼ 1.5Gyr younger (Hsyu et al.
2014; Roh et al. 2011). Piotto et al. (2013) used multi-band
HST photometry covering a wide range of wavelengths and
found that NGC288 main sequence splits into two branches
and that this duality is repeated along the subgiant branch
(SGB) and the RGB, consistent with two distinct stellar
populations.
We report a search for variable stars in NGC288.
2 OBSERVATIONS AND DATA REDUCTION
We obtained the NGC288 CCD photometric data with the
4.1-m SOAR telescope in 2 013 October 28, using the Imag-
ing Goodman Spectrograph (Clemens et al. 2004). The field
was centred at RA= 00h52m44s.9 and Dec.= -26o34′57′′.4
(J2000), approximately on the cluster centre. In imaging
mode the field of view is 7.2 arcmin in diameter, with
1 548×1 548 pixels and plate scale of 0.30 arcsec·pixel−1
when binned by 2×2.
c© XXXX RAS
We obtained 300 useful images in the B-Bessel filter,
using exposure times of 60 s, with a total of ∼7 hours of ob-
servation. To construct the CMD, we obtained images with
exposure times of 1, 10, 120 and 300 s for the V and B filters,
and 300 and 600 s for the U filter.
Data reduction were carried out with IRAF. We used
tasks of the IRAF daophot package for crowded-field stellar
photometry (Stetson 1987): daofind to find stars in each
image, phot to compute sky values and initial magnitudes
for the found stars and allstar to group and fit point
spread function (PSF) to all stars simultaneously. The PSF
best-fitting was obtained with a elliptical Moffat function
with β = 2.5.
In total, were generated light curves for 11 389 sources
inside the field and with B magnitude down to 24. Differen-
tial photometry was performed, computed by taking the dif-
ference between the instrumental magnitudes of an unknown
star and of a known standard star with constant brightness
(e.g. Benson 1998) inside the same field, to determine how
the stellar brightness changes in time.
3 NGC288 PARAMETERS
The CMDs for NGC288 from the 4.1-m SOAR telescope
with U, B, V and R filters are shown in Fig. 1. For the
CMD with V magnitude and (B-V) color, we made a cor-
rection using the differential-reddening (DR) map in Fig. 2,
built according to Bonatto et al. (2013). This map is based
on colour shifts among stars extracted from different regions
across the field of NGC288. As a caveat, we note that stars
extracted from wide-apart regions may present a difference
in colour related to zero-point variations across the field,
which would be taken as a difference in reddening. Zero-
point variation across fields may be related to inaccuracies
on the PSF model, sky/bias determination, or sky concen-
tration (e.g. Milone et al. 2012). So, part of the differential
reddening in Fig. 2 may in fact be residual zero-point vari-
ations.
We used a statistical approach to determine fundamen-
tal parameters of the globular cluster NGC288 (age, metal-
licity, reddening and distance modulus). To proceed with
this method we determine a Mean Ridge Line (MRL) to the
set of stars in each CMD. This fiducial line is determined
as a group of points where each point represents an average
of stars in CMD plane. The distance between each couple
of points in fiducian line is around 0.1 magnitude (in the
CMD plane) and is an averaged value from ten other lo-
cal mean points, using small shifts to avoid local deviations
(lack or over density of stars in CMD plane). To avoid devi-
ations from field stars and binaries, we perform a sigma-clip
five times. The uncertainties from this method was deter-
mined using simulations and reaches around 0.02 magitude
even with a 100 per cent binaries and a 600 stars popula-
tion. To fit NGC288 parameters, we compared these fiducial
lines in color-magnitude diagrams (V against B-V and V-I
colours) with grids of Dartmouth Stellar Evolution Database
(Dotter et al. 2008).
Analyzing the individual fits, the metallicity sensitivity
is greatly impaired for redder colors. On the other hand, age
nearly degenerates for bluer filters. The mean metallicity es-
timated from the CMD using this method agrees with the
spectroscopic metallicity, [Fe/H] = -1.1 ± 0.1 (without the
U-B color). The model age of least dispersion is 13.5Gyr.
The reddening is [E(B-V)]=0.05 and the distance modulus
of best agreement is 14.57 ± 0.08 for the V filter. This re-
sults agree with reddening [E(B-V)=0.03], distance modulus
[(m-M)V = 14.84], metallicity [Fe/H] = -1.32 from Harris
(1996) (2010 edition) and with [Fe/H] = -1.39 ± 0.01 from
Shetrone & Keane (2000).
4 VARIABLES ALREADY KNOWN IN
NGC288
Only 10 variable stars were known in NGC288. The first
variable (V1) was discovered and identified by Oosterhoff
(1943) as a long-period semi-regular variable. V1 has a mean
period of 103 d. The second variable (V2) was identified by
Hollingsworth & Liller (1977) as a RR Lyra with a period
of 0.679 d.
Kaluzny (1996) found five additional short-period vari-
able stars in the central part of the NGC288: one RR Lyra
(V3) and four SX Phe stars (V4-V7). Kaluzny et al. (1997)
found three more new faint variables: two SX Phe stars (V8
and V9) and one contact binary (V10).
Arellano Ferro et al. (2013) looked for new variables in
NGC288, using nine observation nights during 2010 - 2013
at the 2.0-m telescope of the Indian Astronomical Obser-
vatory (IOA). They did not find additional variables and
concluded that the census of RR Lyra stars was complete
and if unknown SX Phe stars did exist, their amplitudes
were smaller than the detection limit for their data.
In Table 1 are shown the coordinates, types and mag-
nitudes of the ten known variables in NGC288.
5 LOOKING FOR NEW VARIABLES
From our 300 time series images, all 11 389 light curves were
sorted using the EB index of variability in B filter, calculated
with equation 1. Based on the J index of Karoff et al. (2007),
the EB index is defined as the average of the of the deviations
(in modulus) of the measured brightness in relation to the
average brightness, normalized by the uncertainties in the
measurements:
EB =
1
N
N∑
i=1
∣∣∣∣
mBi −mB
σmBi
∣∣∣∣ . (1)
In equation 1, mBi is the measured apparent magni-
tude in the B filter of the star in the i image with uncer-
tainty σmBi , and mB is the average magnitude for the set
of N images. Statistically, for a light curve of a non-variable
star with normal deviations in the brightness and well deter-
mined uncertainties, it is expected EB between ∼ 1.28 and
∼ 1.50. We considered all stars with EB > 1.4 as candidates
to variables. This value corresponds to a probability of false
alarm less than 5 per cent. The distribution of the EB in-
dexes according to the B magnitude of the stars found in
our images, is shown in Fig. 3. The positions of the known
variables (V1 - V10) are indicated in the figure. As expected,
for all the variables EB ≫ 1.50.
Each light curve was visually inspected, and those that
Figure 1. Color-magnitude diagrams for NGC288 from 4.1-m SOAR telescope with U,
B and V filters, showing the location of variable stars. The dotted line is the mean ridge
line. The continuous line is the best fitting multi-chromatic isochrone. The parameters
for NGC288 [Fe/H] = -1.3 ± 0.1, E(B-V) = 0.02 ± 0.01 magnitudes, distance modulus
(m-M)0 = 14.72 ± 0.01 magnitudes and label of age 13.5Gyr. The CMD in B-V was
corrected by the reddening map, shown in Fig. 2. The dashed line shows the best fit for
the B-V color only, with [Fe/H] = -1.2 ± 0.1 and distance modulus (m-M)0 = 14.72 ±
0.01.
Table 1. NGC288 known variable stars.
Name Type R.A.(J2000) DEC.(J2000) 〈U〉 〈B〉 〈V〉 〈R〉
(h:m:s) (d:m:s)
V1∗ SM 00:52:41.13 -26:33:27.2 15.93 14.23 12.60 11.66
V2∗∗ RR Lyr 00:52:46.71 -26:34:07.0 15.79 15.48 15.66 15.28
V3† RR Lyr 00:52:40.28 -26:32:28.4 15.46 15.59 15.20 15.15
V4† SX Phe 00:52:42.83 -26:34:46.0 17.21 17.56 17.31 17.16
V5† SX Phe 00:52:45.05 -26:33:51.7 17.67 17.83 17.55 17.60
V6† SX Phe 00:52:42.47 -26:34:54.2 17.27 17.62 17.40 16.86
V7† SX Phe 00:52:41.46 -26:33:59.3 18.02 18.28 17.95 17.80
V8‡ SX Phe 00:52:44.34 -26:33:59.2 17.90 17.96 17.79 17.72
V9‡ SX Phe 00:52:42.95 -26:34:09.2 17.62 17.79 17.53 17.42
V10‡ W-UMa binary 00:52:47.93 -26:33:01.4 19.55 19.81 19.21 18.78
∗Oosterhoff (1943), ∗∗Hollingsworth & Liller (1977), †Kaluzny (1996), ‡Kaluzny et al. (1997)
showed regular variability were selected. For these, we cal-
culed the Fourier transform to look for pulsation frequencies
with amplitudes higher than the 99 per cent confidence limit.
When one or more frequencies were present, we removed the
detected signal from the light curve (prewhitening), repeat-
ing all the process with the residual light curve in order to
find other frequencies.
Subsequently, we modelled the variability in the light
Figure 2. Differential Reddening (DR) map: difference E(B-V) in cell RA×DEC (de-
grees) with respect to E(B-V) of the cell with lower extinction. Since NGC288 has low
frontal extinction, the DRs represent almost exactly the value for E(B-V).
14 15 16 17 18 19 20 21 22 23 24 25
magB
0
3
6
9
12
15
18
21
24
27
E B
 in
de
x 18 18,5 19
2
3
4
5V5
V1
V2
V3
V4
V6
V10
V7
V8V9
V12
V11
Figure 3. Distribution of index EB values with respect to the
average B magnitude of NGC288 stars. Each different symbol
represent a kind of variable: the variable V1 long period (circle),
V2 and V3 are RR Lyr (crosses), V4 - V9 are SX Phe (asterisks)
and the two new SX Phe variable stars V11 (triangle up) and V12
(triangle down).
curve using the nonlinear multi-periodic function:
I(t) =
n∑
k=1
Ak sin
[
2pifk(t− tmax,k) +
pi
2
]
, (2)
where, fk is the frequency, Ak the amplitude and tmax,k the
time of maximum of the kth component. The non-linear fit-
ting was done using the Levenberg-Marquardt method and
the internal uncertainties were calculated from the full co-
variance matrix for the final fit.
The results are shown in Tab. 2. Position of variable
stars in the globular cluster NGC288 are shown in Fig. 4.
For the V4 variable, we find three harmonics of the fun-
damental frequency, one for V5 and two for V6, as indicated
in Tab. 2.
5.1 New variables
In the end, we retrieved all the six SX Phe (V4-V9), with am-
plitudes above the 99 per cent confidence level as shown in
Table 1. Amplitudes are given in terms of milli-modulation
in amplitude (1mma = 10−3ma) and times of maximum in
seconds, counted from the Julian date JD = 245 6593.508576
(Barycentric Coordinate Time, BCT = 245 6593.513583).
The light curves of the SX Phe (V4-V9) with the modelled
variabilities by equation 2 are shown in Fig. 5. Note that the
models fit the data very well.
In addition, we found two new variables, named here-
after V11 and V12, with coordinates R.A.= 00:52:58.7,
Dec.=-26:36:00.4 (J2000) and R.A.= 00:52:48.1, Dec.=-
26:35:13.4 (J2000), respectively. Their positions are shown
Table 2. Corrected version of Table 2 in ?. Detected frequencies in the Fourier Transformes for the variables in NGC288.
Variable Type EB Frequencies Periods Amplitudes Tmaxi
(µHz) (hours) (mma) (sec)
V3 RR Lyr 14.7 f0 = 23.7±0.6 P0 = 11.688±0.280 15.9±0.2 3 479±505
f1 = 174.1±3.9 P1 =1.596±0.037 1.0±0.2 5 509±456
V4 SX Phe 11.8 f0 = 147.8±0.2 P0 = 1.880±0.003 9.3±0.1 4 492±18
f1 = 293.6±0.5 (2 f0) P1 = 0.946±0.002 3.8±0.1 2 402±23
f2 = 439.3±1.0 (3 f0) P2 = 0.632±0.002 1.8±0.1 1 708±34
f3 = 585.0±2.5 (4 f0) P3 = 0.475±0.002 0.7±0.1 1 314±62
V5 SX Phe 25.8 f0 = 227.0±0.5 P0 = 1.224±0.003 12.8±0.2 2 434±25
f1 = 290.3±1.8 P1 = 0.957±0.006 3.5±0.2 2 086±72
V6 SX Phe 9.1 f0 = 174.1±0.6 P0 = 1.595±0.005 11.9±0.3 3 642±38
f1 = 345.8±1.1 (2 f0) P1 = 0.803±0.003 5.1±0.3 1 898±45
f2 = 513.9±2.7 (3 f0) P2 = 0.540±0.003 2.2±0.3 1 273±73
V7 SX Phe 4.5 f0 = 289.3±0.4 P0 = 0.960±0.001 2.4±0.1 2 271±20
V8 SX Phe 3.6 f0 = 248.5±0.7 P0 = 1.118±0.003 1.8±0.1 2 972±39
V9 SX Phe 3.5 f0 = 284.8±5.5 P0 = 0.975±0.019 0.9±0.4 2 715±191
f1 = 409.7±2.1 P1 = 0.678±0.004 0.5±0.1 2 084±72
f2 = 299.2±3.4 P2 = 0.9283±0.011 1.1±0.3 979±126
V11 SX Phe 2.8 f0 = 273.4±1.7 P0 = 1.016±0.008 1.7±0.1 454±79
f1 = 408.7±1.6 P1 = 0.680±0.003 1.2±0.1 1 271±57
f2 = 331.7±3.2 P2 = 0.838±0.009 0.6±0.1 1 712±137
V12 SX Phe 3.2 f0 = 266.0±3.3 P0 = 1.044±0.018 0.7±0.1 1 959±213
f1 = 400.8±2.1 P1 = 0.693±0.005 0.4±0.1 730±84
in the finding charts (Fig. 6) and photometric parameters
(Table 3).
For V11, we detected the frequencies: f0 = (273.4
± 1.7) µHz, f1 = (408.7 ± 1.7)µHz and f2 = (331.7 ±
3.2) µHz, corresponding to pulsation periods of P0 = (1.016
± 0.008) h, P1 = (0.680 ± 0.003) h and P2 = (0.838 ±
0.009) h, while, for V12 we found the frequencies, f0 = (266.0
± 3.3) µHz and f1 = (400.8 ± 2.1) µHz, and pulsation peri-
ods of P0 = (1.044 ± 0.018) h and P1 = (0.693 ± 0.005) h.
The Fourier transforms for each step of the prewhitening
process are shown in Fig. 7 and the light curves modelled
by equation 2 and the folded light curves are shown in Fig. 8.
The pulsation periods of V11 and V12 are in the range
of the SX Phe variables and both are in the SX Phe region
in the CMDs, as shown in Fig. 1. As V7, V8 and V9, the
new SX Phe present low modulation in amplitude (less than
1.2mma) and, therefore, low EB index, what place the all
five stars in the same region in the EB diagram (Fig. 3).
6 SX PHOENICIS STARS
SX Phoenicis (SX Phe) variable stars have been discovered
in galaxies usually belonging to their globular clusters. Sim-
ilar to RR Lyra stars and Cepheids, the SX Phe are useful
distance indicators.
Light curves of SX Phe variables in globular clusters are
used to search for double-mode oscillation. Some SX Phe
stars pulsate only in the fundamental mode while in other
cases both the fundamental and first-overtone modes as ob-
served by McNamara (1997). There is a predicted period
ratio between the fundamental mode and the first overtone
(P1/P0), and between the secondary period oscillation and
first overtone (P2/P1) for known SX Phe stars in globular
clusters (Petersen et al. 2000). The ratios are P1/P0 = 0.773
and P2/P1 = 0.803 for solar-metallicity models (McNamara
2011). Gilliland et al. (1998) suggests that the behavior of
the pulsation properties of SX Phe are partially affected
by metal content. This is supported by Santolamazza et al.
(2001) who found differences in the pulsation period when
comparing metal-poor models to metal-rich ones.
SX Phe stars have masses between ∼ 1.0 and 1.3 M⊙
(McNamara 2011) belonging to the metal-poor group of pul-
sating variables in the lower instability strip among the δ
Scuti stars (Rolland et al. 1991), but while δ Sct stars are
Population I stars, SX Phoenicis variables are of Popula-
tion II. They are in the CMD blue-straggler region, with
short periods between 0.8132 h and 3.021 h (corresponding
EN
Figure 4. Position of the variable stars in the globular cluster NGC288. Image in B
filter with 60 s and diameter of 7.2 arcmin centered at RA = 00h52m44s.962 and Dec.=
−26o34′57′′.396 (J2000).
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Figure 5. Light curves (left) and folded light curves (right) of known variables in NGC288. To construct the folded light curves the
main pulsation cycles were divided in 40 bins. The points represent the average of the measures inside each bin.
to frequencies approximately between 90 and 340µHz), the
majority with periods of 1.90 h (McNamara 2011).
The SX Phe-type variables are not yet fully understood
by stellar evolution theory. The hypothesis that most readily
explains the origin of SX Phe stars is that they are merg-
ers from pre-existing close binaries (Blake et al. 2000). It
is assumed that they arose by the merger of two main-
sequence stars, in a close binary. Additional astrophysics
theories dealing with the production of the variables are nec-
essary (McNamara 2011).
SX Phe stars are known to present a Period-Luminosity
EN
Figure 6. Finding charts for the NGC288 new variables: V11 (left) R.A. = 00:52:58.7, Dec. = -26:36:00.4 (J2000) and V12 (right) R.A.
= 00:52:48.1, Dec. = -26:35:13.4. Each chart is 30×30 arcsec.
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Figure 7. Prewhitening process in new SX Phe variable stars in NGC288: V11 (left)
and V12 (right). The labels are frequencies in µHz.
(P-L) relation, which can be used as distance indicator for
globular clusters (Jeon et al. 2003).
In Fig. 9 the period-brightness relations are indicated by
the dashed lines. The brightness is given in terms of the aver-
age magnitude in the V band and the periods in days. We use
Arellano Ferro et al. (2013) who adopted the SX Phe PL re-
lation derived by Arellano Ferro et al. (2011) in M53.Using
the periods of V4-V8 identified in Table 2 as fundamental
periods and the five identified as harmonics in V4 and V7
[using Pk/(k + 1)] we obtain the period-brightness relation:
V = (−2.59 ± 0.18) logP0 + (14.38 ± 0.23) . (3)
The period-brightness relations for the first three overtones
are directly derived from the above equation, replacing P0
with Pk/(k + 1):
V = (−2.59 ± 0.18) logP1 + (13.56 ± 0.24) , (4)
V = (−2.59 ± 0.18) logP2 + (13.18 ± 0.25) (5)
and
V = (−2.59± 0.18) logP3 + (12.89 ± 0.25) . (6)
It is interesting to note what happens with V5, V9, V11
and V12, all them with V magnitude very close to 17.55.
V9, V11 and V12 present P1 consistent with the period-
brightness relation for first overtone, but P0 displaced (3σ
or more) in relation to the predicted fundamental periods.
For V5, this happens with both periods. A possible explana-
tion is locking by resonance between pulsation modes. The
double mode of V5 and V9 was observed and discussed al-
ready by Arellano Ferro et al. (2013). For V9 as well as for
V11 and V12, we did not detect the oscillation fundamental
mode in our light curves.
Using distance modulus (m-M)o = 14.57 ± 0.08 (see
Sec. 3), we obtain the period-luminosity relations:
MV = (−2.59± 0.18) logP0 + (−0.19± 0.23) (7)
and
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Figure 8. Light curves (left) and folded light curves (right) of the two new SX Phe variable stars in NGC288: V11 (top) and V12
(bottom). The continuous curve is the fitted model described in the text. To construct the folded light curves the main pulsation cycles
were divided in 40 bins. The points represent the average of the measures inside each bin.
Table 3. Photometric parameters of the two new variable, V11
and V12.
V11 V12
R.A.(h:m:s) 00:52:58.7 00:52:48.1
Dec. (g:m:s) -26:36:00.4 -26:35:13.4
∆ B 0.03 0.025
〈U〉 17.65±0.01 17.67±0.01
〈B〉 17.81±0.02 17.78±0.02
〈V〉 17.55±0.02 17.56±0.01
〈R〉 17.41±0.02 17.36±0.02
(U-B) -0.16±0.02 -0.11±0.02
(B-V) 0.26±0.03 0.22±0.02
(V-R) 0.14±0.02 0.20±0.02
MV = (−2.59± 0.18) logP1 + (0.50± 0.25) . (8)
7 SUMMARY AND DISCUSSIONS
Our main objective in this work was to search for new vari-
able stars in the globular cluster NGC288. Each B-filter
light curve was visually inspected according the EB index
and for those which showed significant variability we calcu-
lated the Fourier transform in order to find the pulsations
frequencies. The frequencies were used as input data to fit a
nonlinear multiperiod function to refine the fit of frequencies
and calculate the amplitudes and phases. This fit allowed us
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Figure 9. Period-brightness relations (dashed lines) for NGC288
SX Phe stars for the fundamental mode (P0) and the three first
harmonics P1, P2 and P3.
to also improve the determination of periods and frequencies
of the already known variable stars.
Furthermore, we found two new variables stars, named
here, V11 and V12. We classify the new variable stars as SX
Phoenicis due to their characteristic periods and amplitude
of pulsation of this type of stars. They are also located in
the SX Phe region in CMD. The location of the two new
variables in the CMD also shows that they belong of the
globular cluster NGC288.
The two new variables are in the same region of the EB
diagram as the already know SX Phe V7, V8 and V9. This is
because the five variables have small oscillation amplitudes
and the same order of magnitude and therefore must share
other similar physical properties.
We also obtained the main parameters of the globu-
lar cluster NGC288 comparing the mean ridge line from
the observed CMDs using the Dartmouth Stellar Evolution
Database grid of isochrones and we made a correction for
the CMD with the V magnitude and (B-V) color using the
differential-reddening map. As result, the mean metallicity
is [Fe/H] = -1.3 ± 0.1, the age model is 13.5Gyr, the mean
reddening is [E(B-V)] = 0.02 and the distance modulus for
the best agreement is 14.72 ± 0.01 for the V-filter, with a
distance of 8.8 ± 0.1 kpc.
We use the period-luminosity relation for SX Phe stars
to determine the distance of the globular cluster using all
periods obtained with our settings for eight variable stars
(known and new discoveries). The two P-L relations were
determined, one for the fundamental mode and the other
for the first-overtone. The average distance we determine
by the P-L relation is 8.71 ± 0.20 kpc. Through a weighted
average of all the distances (derived from the P-L relations
and isochrones results) we determine the best distance for
the globular cluster NGC 288 as 8.8 ± 0.3 kpc, which is sim-
ilar to that of Arellano Ferro et al. (2013) of 8.9 ± 0.3 kpc,
also using a SX Phe P-L relation.
NGC288 is a interesting case where detected SX Phe
stars outnumber RR Lyrae. As RR Lyrae, SX Phe are good
for determining distances. With this work, we discovered two
new variables, increasing the number of SX Phe known in
globular clusters.
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